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PREFACE 

The Hazard Eva lua t ions  and Technical  Assis tance Branch o f  NIOSH conducts f i e l d  
i n v e s t i g a t i o n s  o f  poss ib le  h e a l t h  hazards i n  t h e  workplace. These 
i n v e s t i g a t i o n s  are conducted under t h e  a u t h o r i t y  o f  Sect i o n  20(a) ( 6 )  o f  t h e  
Occupat ional  Sa fe ty  and Hea l th  A c t  o f  1970, 29 U.S.C. 669(a) ( 6 )  which 
au tho r i zes  t h e  Secretary o f  Hea l th  and Human Services, f o l l o w i n g  a  w r i t t e n  
request  from any employer o r  au thor ized rep resen ta t i ve  o f  employees, t o  
determine whether any substance normal ly  found i n  t h e  p l a c e  o f  employment has 
p o t e n t i a l l y  t o x i c  e f f e c t s  i n  such concentrat ions as used o r  found. 

The Hazard Eva lua t ions  and Technical  Assis tance Branch a1 so prov ides,  upon 
request,  medical,  nurs ing,  and i n d u s t r i a l  hygiene techn ica l  and c o n s u l t a t i v e  
ass is tance (TA) t o  Federal,  s t a t e ,  and l o c a l  agencies; l abo r ;  'ndus t ry  and 
o the r  groups o r  i n d i v i d u a l s  t o  c o n t r o l  occupat ional hea l th  ha:;itSds and t o  
prevent  r e l a t e d  trauma and disease. 

Ment ion o f  company names o r  p roducts  does not  c o n s t i t u t e  endorsement by t h e  
Na t iona l  I n s t i t u t e  f o r  Occupational Sa fe ty  and Health. 
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I n  September 1980, t h e  Occupat iona l  S a f e t y  and Hea l th  A d m i n i s t r a t i o n  (OSHA) 
reques ted  t e c h n i c a l  ass i s tance  f r o m  t h e  N a t i o n a l  I n s t i t u t e  f o r  Occupat iona l  
Safe ty  and Hea l th  (NIOSH) t o  sample and ana lyze f o r  a i r b o r n e  N-Nitrosamines a t  
t h e  K e l l y - S p r i n g f i e l d  T i r e  Company, F reepor t ,  I l l i n o i s .  

On October 16, 1980, NIOSH performed pe rsona l  and area a i r  sampl ing f o r  
a i r b o r n e  amines, n i t rosamines ,  and ox ides  of  n i t r o g e n .  NIOSH a l s o  reviewed 
company chemica l  r e c o r d s  conce rn ing  consumpt ion o f  N-Ni t r o s o d i p h e n y l  amine ( a  
rubber  r e t a r d i n g  agent ) ,  observed work p r a c t i c e s  and work c o n d i t i o n s ,  and took 
v e n t i l a t i o n  measurements. 

S i x t e e n  a i r  samples were taken: 14 f o r  n i t rosamines ,  and 2 f o r  amine 
compounds. Three o f  t h e  samples were f o r  persona l  exposure t o  n i t rosamines ;  
t h e  remainder  were process o r  genera l  a rea samples. N-Ni t rosomorpho l  i n e  
(NMOR), N-Ni t rosod imethy lamine (NDMA), N-Ni t rosod ipheny lamine ( NDPhA) , 
N-Ni t r o s o p y r r o l  i d i n e  (NPYR) , and N-Ni t r o s o d i  i sopropy l  amine ( NDi PA) were 
d e t e c t e d  i n  samples taken f rom t h i s  p l a n t .  A l l  f i v e  n i t r o s a m i n e  compounds 
were d e t e c t e d  i n  process samples taken  a t  t h e  Banbury #1 b a t c h - o f f  area, and 
a t  t h e  t i r e  s i d e w a l l  and "hump" (under - t read )  s tock  e x t r u d e r .  

Process samples f o r  t h e  Laminator ( r e a r  f o rm t r a c t o r  t i r e  t r e a d )  and Tuber 
head ( s i d e w a l l  and hump s tock )  had t h e  h i g h e s t  n i t r o s a m i n e  c o n c e n t r a t i o n s  o f  
a l l  samples taken. I n  t h e  Laminator area, NDPhA was found a t  17.0 14g/M3, 
and a t  t h e  Tuber head NMOR was found a t  11.0 ug/M3. Personal  sample r e s u l t s  
were h i g h e s t  f o r  t h e  Feedmil 1 and Calender o p e r a t o r  (1.6 ug/M3 NMOR), lower  
f o r  t h e  Laminator o e r a t o r  (1.4 ug/M3 NMOR), and l owes t  f o r  t h e  Banbury 5 o p e r a t o r  (0.54 ug/M NMOR). 

Seven amine compounds were found d u r i n g  sampl ing a t  t h i s  t i r e  company. The 
most prominent o f  t hese  were morpho l i ne  (2394 ug/M3), t r i e t h y l a m i n e  (488 
ug/M3), and d imethy lamine (1  16 ug/M3). Lower l e v e l s  o f  t r i m e t h y l  amine, 
isopropy lamine,  N-propylamine, and d i e t h y l a m i n e  were a l s o  found. 

Oxides o f  n i t r o g e n  (NOx) were de tec ted  i n  two o f  t h r e e  areas sampled: t h e  
Laminator (0.25 p a r t s  pe r  m i l  1 i o n ) ,  and t h e  Tread and S idewa l l  area (0.5 
ppm). NO, was n o t  de tec ted  i n  t h e  Banbury area.  F o r k l i f t  t r u c k s  appeared 
t o  be t h e  NOx source.  There was no apparent  c o r r e l a t i o n  between NOx from 
f o r k l i f t  t r u c k s  and genera t i on  o f  n i t rosamines .  

Four i n t e r e s t i n g  f i n d i n g s  r e s u l t e d  f rom t h i s  study.  F i r s t ,  NOiPA i s  r e p o r t e d  
he re  f o r  t h e  f i r s t  t i m e  as ever b e i n g  de tec ted  i n  a t i r e  p l a n t .  Second, t h i s  
p l a n t  had t h e  h i g h e s t  l e v e l  o f  NOPhA y e t  found i n  any t i r e  p l a n t  su rvey  
performed by  NIOSH. Th i rd ,  seven amine compounds were found, o f  which three,  
morphol ine ,  isopropy lamine,  and d i m e t h y l  amine, may serve as p recu rso rs  f o r  
n i t r o s a m i n e  fo rma t ion .  Fourth,  NOx f rom f o r k 1  i f t  t r u c k s  does n o t  appear t o  
be t h e  p r i m a r y  n i t r o s a t i n g  agent r e s p o n s i b l e  f o r  r e a c t i n g  w i t h  d i a l k y l a m i n e s  
t o  f o r m  n i  t rosamines.  . 
Al though  t h e s e  n i t r o s a m l n e  l e v e l s  a r e  n o t  h i g h  compared t o  n i t r o s a m l n e  
c o n c e n t r a t i o n s  p r e v i o u s l y  found a t  a s i m i l a r  t i r e  p l a n t ,  t h e i r  presence may 
p r e s e n t  a h e a l t h  hazard  t o  t h e  worker.  I n  a d d i t i o n ,  NDPhA i s  used v e r y  
f r e q u e n t l y  i n  t r a c t o r  and t r u c k  t i r e  batches i n  t h i s  p l a n t .  Therefore, t h e  
p o t e n t i a l  t o  generate  h i g h  l e v e l s  o f  n i t rosamines ,  p a r t i c u l a r l y  NMOR, i s  
g rea t .  S ince a l l  t h e  n i t rosamines  found i n  t h i s  p l a n t  a r e  p o t e n t  animal 
carc inogens and p o t e n t i a l  human carc inogens,  we h i g h l y  recomnend t h a t  t h e  use 
o f  NDPhA be d i scon t inued ,  and l o c a l  exhaust  v e n t i  1 a t  i o n  improved where 
n i t r o s a m i n e s  a r e  found, e s p e c i a l l y  i n  t h e  Laminator  a rea  where t h e r e  i s  no 
l o c a l  exhaust v e n t i l a t i o n .  S p e c i f i c  recomnendat ions a r e  found i n  s e c t i o n  V I I I  
o f  t h i s  r e p o r t .  
5 
N-Ni t rosod imethy lamine,  N-Ni t rosomorpho l  ine,  N-Ni t r o s o d i  phenylamine, 
N - N i t r o s o p y r r o l  i d i n e ,  N - N i t r o s o d i i  sop ropy l  amine, Oxides o f  N i  t rogen. 
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INTRODUCTION 

I n  September 1980, an Occupational Safety and Heal th Admin is t ra t ion  
representa t ive  f rom Region 5 requested techn ica l  assistance from NIOSH t o  
sample f o r  N-nitrosamines a t  the Kel l y -Sp r ing f  i e l d  T i r e  Company i n  Freeport, 
I 1  1 i no i s .  The request  was made t o  b e n e f i t  from NIOSH exper t i se  i n  sampling 
fo r  ni trosamines i n  t i r e  p lants,  t o  compare side-by-side sample r e s u l t s  
between OSHA and NIOSH, and t o  make recommendations t o  reduce n i t rosamine 
exposures based on environmental r e s u l t s  and observat ion o f  work condi t ions.  

111. BACKGROUND INFORMATION 

The t i r e  p l a n t  i n  Freeport,  I l l i n o i s ,  i s  one o f  f i v e  K e l l y - S p r i n g f i e l d  p l a n t s  
located i n  t h i s  count ry  and i s  a subs id ia ry  o f  t h e  Goodyear T i r e  and Rubber 
Corporation. This  p l a n t  was b u i l t  about 25 years ago, and a l l  t i r e  product ion 
i s  on one f l oo r .  It employs 1,235 h o u r l y  and 265 s a l a r i e d  workers. It 
operates th ree  s h i f t s  per day, 6 days per week, and produces approximately 
21,000 passenger and 1,000 t r a c t o r  and t ruck  t i r e s  per  day. 

Workers are p o t e n t i a l  l y  exposed t o  v o l  a t i  1 i zed  n i t rosamines dur ing  t h e  
manufacture o f  t i r e s  i n  ho t  process areas where rubber i s  heated, p l a s t i c i z e d ,  
and cured. N-Ni t rosodiphenyl  amine, a rubber r e t a r d i n g  agent, i s  added t o  
t r a c t o r  and t r u c k  t i r e  batches i n  vary ing  amounts (1.2 t o  2.3 pounds per 500- 
pound batch)  t o  c o n t r o l  t h e  r a t e  o f  cure. Recently, NDPhA was found t o  cause 
bladder cancer i n  l abo ra to ry  animals .l Also, NIOSH found t h a t  t h i s  compound 
thermal l y  decomposes dur ing  t r u c k  t i r e  manufactur ing and ma t r a n s n i t r o s a t e  
w i t h  a m r p h o l  i n e  compound t o  generate N-Ni trosomorphol ine.1.3 

Research and recommendations by NIOSH a t  another Kel l y -Sp r ing f  i e l  d t i r e  p l a n t  
resu l ted  i n  improved l o c a l  exhaust v e n t i l a t i o n  and successful  use of a 
s u b s t i t u t e  chemical f o r  NDPhA. Implementation o f  recommendations reduced NMOR 
l e v e l s  i n  t h i s  p l a n t  200-fold and e l im ina ted  N - ~ i t r o s o ~ ~ r r o l i d i n e . 3  For 
readers unfami 1 i a r  w i t h  t i r e  manufacturing, a t i r e  manufactur ing f l o w  cha r t  i s  
shown i n  F igure  1, and a c ross-sec t ion  o f  t i r e  showing i t s  components i s  shown 
i n  Figure 2. 

I V .  EVALUATION DESIGN AND METHODS 

NIOSH took 16 a i r  samples i n  f i v e  d i f f e r e n t  areas: t he  Laminator area - where 
t r a c t o r  t i r e  t r e a d  i s  r o l l e d  onto the  t i r e  carcass, t he  # I  Banbury, ext ruder  
f o r  s idewal l  and under-tread stock, Feedmi 11 and Calendering , and Trac tor  T i r e  
Curing Press. A v a r i e t y  o f  chemicals added i n  these stocks were examined, and 
where the re  was p o t e n t i a l  f o r  n i t rosamine generat ion samples were obtained. 
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NIOSH collected 14 air samples for nitrosamines, and two process samples for 
mines. One of the 14 nitrosamine air samples taken in the Laminator area 
(sample #O3473), was destroyed during shipping, and results are not reported. 
There were eight process samples, two general area samples, and three personal 
samples taken for nitrosamines during the NIOSH survey. Sampling times ranged 
from 29 minutes to 6 hours and 27 minutes. Samples were collected with MSA 
pumps attached to ThermoSorb/N cartridges. Air flow rates for these samples 
were at 1.0 and 1.5 liters per minute (lpm). Analysis for nitrosamines was 
conducted by Monsanto Corporation, and a description of their analytical 
method is given in Appendix 1 of this report. 

The volatile amines were collected on Thermosorb and Flouracil cartridges at a 
flow rate of 1.5 lpm using MSA pumps. Analysis of volatile amines for the two 
air samples taken at this plant was done by the New England Institute for Life 
Sciences (NEILS) . These samples were eluted by back-f 1 ushing the cartridge 
with 1.0 N KOH at 0.5 ml/min. Substantially, all of the amines would be 
eluted in the first 1-2ml. One ul portion of these samples was examined by 
gas chromatography with detect ion by a Thermal Energy Analyzer (TEA), equipped 
with a catalytic-oxidative pyrolyzer. With this system, all chemically bound 
nitrogen would be converted to nitrogen oxide (NO), which would then be 
detected by the NO + O ~ - - N O ~  chemiluminescence reaction. In theory, a1 1 
of the peaks seen in the chromatographs are due only to nitrogen-containing 
compounds. Quantitation of the detected amines was by comparison to known 
amine standards. These air samples were also examined by NEILS for 
nitrosamines; however, these air collectors are not artifact free. 

Side-by-side sampl ing for nitrosamines was performed with OSHA on one general 
area and* three personal samples. NIOSH and OSHA samplers were put on the same 
side of the worker's lapel; however, air flow rates differed. OSHA's air flow 
ranged from 200 cubic centimeters per minute (cc/min) to 1.0 lpm. NIOSH flow 
rates were 1.0 to 1.5 lpm. Analysis of volatilized nitrosamines for OSHA was 
performed by their own laboratory. 

Ventilation and smoke tube measurements were taken at the Feedmil 1 and 
Calendering area to determine air flow and capture velocity of local exhaust 
ventilation in this area. Measurements for oxides of nitrogen were also taken 
in the Laminator and Tread and Sidewall areas using colorimetric indicator 
(Drager) tubes. 

EVALUATION CRITERIA 

Nitrosamines, as a class, are considered potent animal carcinogens .4,596 
Over 75% of tested nitrosamines, including all the nitrosamines found in this 
plant, are animal carcinogens .7 There are currently no airborne standards 
for nitrosamines. However, there is a liquid and solid standard for 
N-nitrosodimethylamine (in concentrations less than 1% refer to 29 CFR, 1976, 
1910-1016). Within the past year the Food and Drug Administration has put 
limits on the amount of nitrosamines allowed in beer (5 parts per billion). 
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Also, t h e  Un i ted  S ta tes  Department o f  A g r i c u l t u r e  has l i m i t e d  n i t rosamine  
concent ra t ions  i n  cooked bacon t o  10 p a r t s  per  b i l l i o n .  NIOSH recommends t h a t  
occupat iona l  exposure t o  carcinogens be reduced t o  t h e  lowes t  poss ib l e  l e v e l .  
The f o l l o w i n g  i s  a  summary of t he  t o x i c o l o g i c a l  i n f o r m a t i o n  on n i t rosamines  
found a t  t h i s  p l a n t .  

N-ni t r osod ime thy l  amine (NDMA) 

The acute t o x i c  e f f e c t s  o f  animal exposure t o  NDMA have been repo r ted  as 
g a s t r o i n t e s t i n a l  i r r i t a t i o n ,  vomit ing, d ia r rhea ,  inc rease  i n  body temperature, 
and f a i l u r e  o f  t h e  b lood  coagu la t ion  mechartisma. The l e t h a l  concen t ra t i on  
of a i r bo rne  NDMA t h a t  caused m o r t a l i t y  i n  50% o f  r a t s  exposed t o  a  s i n g l e  dose 
f o r  4  hours (LC50) was 78 p a r t s  pe r  m i  11 i o n  (ppm). I n  dogs, t he  LC50 was 
l e s s  than  16 ppm. Damage t o  t h e  l i v e r  a f t e r  exper imenta l  exposure was t h e  
p r ima ry  cause o f  death. Humans a c c i d e n t a l l y  exposed t o  h i g h  concent ra t ions  of 
NDMA a l s o  showed evidence o f  abnormal l i v e r  funct ion,  e l eva ted  temperature, 
and ma1 a i  se .9, 10 

NDMA was shown t o  be carc inogen ic  i n  1956. Add i t i on  o f  t h i s  compound t o  t h e  
normal d i e t  o f  r a t s  a t  a  l e v e l  o f  50 m i l l i g r a m s  per  k i l og ram o f  food  caused a  
h i g h  inc idence  o f  ma l ignan t  l i v e r  tumors appearing between t h e  26th and 40th 
week. Also, k idney  tumors were repo r ted  a  year  o r  longer  a f t e r  exposure was 
stopped. These f i n d i n g s  have s i nce  been confirmed by severa l  o t h e r  s tud ies  
w i t h  va ry i ng  d i e t a r y  doses of N D M A . ~ ~ , ~ Z ,  Stud ies o f  animals exposed by 
i n h a l a t i o n  t o  NDMA have a l so  shown an increased inc idence  o f  cancer.  I n  r a t s  
exposed d a i l y  by i n h a l a t i o n  t o  0.005 o r  0.2 m g / ~ 3  NDMA f o r  25 months, those 
g i ven  t h e  h i ghe r  l e v e l  had tumors o f  t h e  lung, k idney, and l i v e r ,  e a r l i e r  and 
a t  g r e a t e r  r a t e s  than  con t ro ls .14  Over 14 t e s t s  f o r  m u t a g e n i c i t y  have been 
p o s i t i v e ,  and more than 20 t e s t s  f o r  cancer have shown t h i s  compound t o  be a  
s t r ong  carc inogen i n  an imals . l5  The lowest  concen t ra t i on  t o  cause cancer i n  
l a b o r a t o r y  r a t s  th rough  i n h a l a t i o n  s tud ies  i s  37 mg/kg body ~ e i ~ h t . 1 6  

When compared t o  o t h e r  n i t rosamine  compounds, NDMA has been shown by animal 
s t ud ies  t o  be t he  most po ten t  carc inogen i n  t he  n i t rosamine  f a m i l y .  

N-n i t  rosomorphol i n e  (NMOR) 

The acute t o x i c  e f f e c t s  of animal exposure t o  NMOR are s i m i l a r  t o  those 
r e p o r t e d  f o r  NDMA. The l e t h a l  dose produc ing 50% m o r t a l i t y  (LD50) i n  r a t s  
was 282 m i l l i g r a m s  per  k i log ram o f  food  (mg/kg) f e d  i n  a  s i n g l e  o r a l  dose.17 
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N-ni t rosomorphol i n e  has been found t o  be a  mutagen by t h e  microsomal 
mu tagen i c i t y  assay ( salmonel 1  a  typhimurium 580 ug /p la te )  . I 8  Cytogenic 
a n a l y s i s  ( r a t  c e l l s )  admin is tered i n t o  t h e  p e r i t o n e a l  c a v i t y  (250 m 
and 69 host-mediated assay (mouse/salmonella typhimurium 50 ug/kg).  
genera l ,  NMOR caused cancer  of t h e  l i v e r  and b lood vessels i n  r a t s .  No 
i n h a l a t i o n  s t u d i e s  have been conducted t o  da te  on NMOR. 

N-n i t  rosod ipheny l  amine ( NDPhA) 

The LD50 o f  NDPhA i n  r a t s  i s  est imated t o  be 3000 mg/kg o f  foodz1 and i n  
mice, when admin is te red  by i n t r a g a s t r i c  i n t uba t i on ,  i s  3850 mg/kg.22 
N-n i t rosodiphenylamine was a l so  found t o  be mutagenic i n  two s tud ies :  
microsomal m u t a g e n i c i t y  assay (lymphocyte-mouse a t  100 mg p e r  l i t e r  f o r  4  
hours),23 and th rough c  t ogene t i c  a n a l y s i s  ( f  i b rob las t -hamster  a t  30 
mg/l i t e r  f o r  48 hours)  .34 U n t i  1  r ecen t l y ,  NDPhA was no t  thought  t o  cause 
cancer i n  l a b o r a t o r y  animals. However, recen t  f i n d i n g s  i n d i c a t e  t h a t  r a t s  fed 
NDPhA i n  t h e i r  d i e t  developed t r a n s i t i o n a l - c e l l  carcinomas of t h e  u r i n a r y  
bladder.  l 

N - n i t r o s o p y r r o l  i d i n e  (NPYR) 

Th is  n i t r o s a m i n e  compound has been found i n  tobacco smoke condensate,25 i n  
vapor f r om f r i e d  bacon,26 and i n  t i r e  plants.293 I n  v i v o  t e s t i n g  o f  s i x  
s tudents  who inges ted  170 grams of. cooked bacon e a s  d id -no t  have de tec tab le  
l e v e l s  o f  NPYR i n  t h e i r  blood, a l though NDMA and NDEA were detected.27 
C a r c i n o g e n i c i t y  s t u d i e s  i n  r a t s  g i ven  5  o r  10 mg of NPYR pe r  k i l og ram body 
weight  p e r  day i n  d r i n k i n g  water, and w i t h  doses doubled 150 days a f t e r  t h e  
s t a r t  of t rea tment ,  developed hepatocel  l u l a r  carcinomas (23/25 r a t s )  i n  470 o r  
290 days, r e s p e c t i v e l y .  To ta l  doses t h a t  caused tumors i n  50% o f  these 
animals was 3.9 o r  4.2 grams NPYR pe r  k i l og ram body we igh t )  .21 To date, no 
i n h a l a t i o n  t e s t s  of NPYR f o r  animals have been conducted. Likewise, no da ta  
on t h e  e m b r o t o x i c i t y  o r  t e r a t o g e n i c i t y  o f  t h i s  compound a re  ava i l ab le .  

N - n i t r o s o p y r r o l i d i n e  has been found t o  be mutagenic i n  two s tud ies :  t h e  
microsomal m u t a g e n i c i t y  assay (Salmonel l a  typhimurium 100 u g / ~ l a t e ) , 2 8  and 
i n  gene convers ion  and m i t o t i c  recombinat ion t e s t s  ( esche r i ch ia  c o l i  a t  400 
ug/we11.29 The o r a l  LD50 f o r  l a b o r a t o r y  r a t s  i s  900 mg pe r  k i log ram 
animal body weight .  30 

The lowest  t o x i c  dose t o  cause 
r a t s  i s  685 mg/kg f o r  98 weeks 

cancer when o r a l l y  admin is tered t o  l a b o r a t o r y  
cont  inuously.31 

N - n i t r o s o d i  isopropy lamine (NDi PA) 

I n  a  recen t  s tudy  by t h e  F red r i ck  Cancer Research Center, F redr i ck ,  Maryland, 
NDiPA was t e s t e d  f o r  mu tagen i c i t y  and c a r c i n o g e n i c i t y  and compared w i t h  139 
o t h e r  n i t  rosamine compounds, a1 1 a t  equimol a r  doses. Sprague-Dawley r a t s  
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exposed th rough i n h a l a t i o n  t e s t s  developed nasal  cancer  of t h e  
nasal  - t u rb i na tes .  The t ime  o f  death f rom these tumors f o r  50% o f  t h e  animals 
was 55 weeks. Th i s  compound was no t  found t o  be mutagenic.32 I n  another  
study, NDiPA was found t o  cause l i v e r  cancer i n  l a b o r a t o r y  r a t s . z1  

Dimethvlamine 

Dimethylamine i s  an eye i r r i t a n t  ( eye - rabb i t  50 mg f o r  5  m i n ~ t e s . 3 ~  The 
l e t h a l  dose caus ing  50% m o r t a l i t y  i n  an exper imenta l  r a t  p o p u l a t i o n  v i a  o r a l  
a d m i n i s t r a t  i o n  i s  698 mg/kg.34 The American Conference o f  Governmental 
I n d u s t r i a l  Hyg ien i s t s  t h resho ld  1  i m i t  value and Occupat ional  Safety and Hea l th  
A d m i n i s t r a t i o n  t ime-weighted average are bo th  10 ppm f o r  t h i s  compound. 

D ie thy lamine  

Diethy lamine i s  a  m i l d  s k i n  i r r i t a n t  (500 mg-skin of r a b b i t ) . 3 5  I n h a l a t i o n  
s tud ies  on 1  abo ra to r y  r a t s  have shown t h e  l e t h a l  c o n c e n t r a t i o n  o f  d i e t h y  lamine 
t h a t  k i l l s  50% of t h e  exper imenta l  popu la t i on  i s  4  hours a t  4000 pp1n.3~ The 
ACGIH TLV and OSHA TWA are bo th  25 ppm. 

Tr imet  h y l  ami ne 

The lowest l e t h a l  dose causing death was 800 mg/kg body we igh t  when 
admin is te red  subcutaneously37 t o  a  r a b b i t ,  and 75 mg/kg when admin is tered 
i n t o  t h e  p e r i t o n e a l  c a v i t y  o f  a  mouse.38 No ACGIH TLV o r  OSHA TWA y e t  
e x i s t s  f o r  t h i s  compound. 

T r i e t h y l  amine 

T r i e thy lam ine  i s  a  m i l d  s k i n  i r r i t a n t  (365 mg-skin o f  r a b b i t ) , 3 9  and a  
severe eye i r r i t a n t . 4 0  The lowest concen t ra t i on  caus ing dea th  i n  animals 
v i a  i n h a l a t i o n  i s  1000 ppm f o r  4  hours.41 The ACGIH TLV and OSHA TWA are 
bo th  25 ppm f o r  t h i s  compound. 

N-propylamine i s  a  s k i n  i r r i t a n t  i s k i n - r a b b i t  100 ug f o r  24 h0u rs ,~2  and an 
eye i r r i t a n t  ( eye - rabb i t  720 ug) .  3  The l e t h a l  c o n c e n t r a t i o n  f o r  50% of 
l a b o r a t o r y  r a t s  exposed v i a  i n h a l a t i o n  i s  2310 ppm f o r  4  hours.44 No ACGIH 
TLV o r  OSHA TWA e x i s t s  f o r  t h i s  compound. 

I sop ropy l  ami ne 

Isopropy lamine i s  a  severe s k i n  and eye i r r i t a n t  ( s k i n - r a b b i t  10 mg f o r  24 
hours (eye - rabb i t  50 ug) .45 I n h a l a t i o n  s tud ies  on l a b o r a t o r y  r a t s  have 
shown t h e  lowest  l e t h a l  concen t ra t i on  i s  800 ppm f o r  8 hours.46 The ACGIH  
TLV and OSHA TWA are  bo th  5  ppm. 
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Morphol i n e  

Morphol ine i s  a  moderate s k i n  i r r i t a n t  ( s k i n - r a b b i t  500 mg)47 and a  severe 
eye i r r i t a n t  (eye- rabb i t ,  2 mg) .48 The l e t h a l  dose caus ing 50 percent  
m o r t a l i t  when admin is te red  by s k i n  i n  l a b o r a t o r y  r a b b i t s  i s  500 mg/kg body 
weight.44 The ACGlH TLV and OSHA TWA a re  bo th  20 ppm. 

I n  Appendix I, t h e  r e l a t i v e  c a r c i n o g e n i c i t y  o f  NDiPA ( s c a l e  o f  1  t o  4  p l uses )  
can be compared w i t h  o t h e r  n i t r osam ine  compounds found i n  t h i s  p l a n t .  Each 
p l u s  r ep resen t s  an inc rease  i n  carc inogen potency. 

The o r a l  LD50 f o r  l a b o r a t o r y  r a t s  i s  1050 mg/kg.50 The lowest  t o x i c  dose 
caus ing cancer i n  r a t s  fed NDiPA was 14 gm/kg f o r  110 weeks c o n t i n u o u ~ 1 ~ . 5 ~  
I n  another s t u d  cancer was found i n  r a t s  f e d  1800 mg/kg over  50 weeks 
i n t e r m i t t e n t l y .  f ? 

RESULTS AND DISCUSSION 

N-ni t rosamine l e v e l s  found i n  t h e  K e l l y - S p r i n g f i e l d  p l a n t  i n  Freepor t ,  
I l l i n o i s ,  a re  shown i n  Table  I .  As i n  p r e v i o u s l y  s t u d i e d  t i r e  f a c t o r i e s ,  NMOR 
was t he  most p r e v a l e n t  n i t r osam ine  compound found. It was found i n  a l l  14 
samples taken, r ang ing  f rom 11.0 ug/M3 a t  t he  Tuber head ( e x t r u d e r )  t o  0.34 
ug/M3 a t  t h e  Cur ing  Press. The h i g h e s t  personal  exposure was a l s o  f rom NMOR 
a t  1.6 ug/PI3 i n  t h e  Feedmil 1  and Calender area. (Th i s  personal  
concen t ra t i on  represen ts  o n l y  a  h a l f - s h i f t  (4-hour)  t ime-weighted average 
exposure because t h e  ope ra to r  was t r a n s f e r r e d  t o  another area 4  hours i n t o  t h e  
s h i f t . )  Other  areas where NMOR was found i n  r e l a t i v e l y  h i gh  concen t ra t ions  
were t h e  Laminator  (5.2 ug/M3 process, 1.4 ug/M3 persona l ) ,  and #3 
Feedmil 1  (2.1 ug/M3 process)  where rubber  goes f r om t h e  Feedrni l l  t o  t he  
Tuber. 

NDPhA was found i n  10 of 13 samples analyzed f o r  n i t rosamines .  Th is  i s  n o t  
t y p i c a l  o f  f i n d i n g s  a t  t h e  o t h e r  K e l l y - S p r i n g f i e l d  t i r e  p l a n t  where NDPhA was 
found i n  a  few samples and always i n  one area (Feedmi l l  and Calender ing) .  I n  
add i t i on ,  t h i s  compound had t h e  h i ghes t  concen t ra t i on  o f  a l l  n i t rosamines  
found a t  t h i s  p l a n t ,  w i t h  17.0 u g / ~ 3  de tec ted  i n  a  process sample i n  t he  
Laminator area. NDPhA was a lso  de tec ted  i n  two of t h r e e  personal  samples 
where t h e  Banbury batch-of f  opera to r ,  and t h e  3 - r o l l  ca lender  opera to r  were 
exposed t o  2.8 ug/M3 and 0.56 u g / ~ 3 ,  r e s p e c t i v e l y .  I t  i s  no t  known 
e x a c t l y  why NDPhA was de tec ted  i n  so many samples, s i nce  t h i s  compound i s  
supposed t o  c h e m i c a l l y  r eac t ,  and t h e r m a l l y  decompose i n  t h e  rubber  batch t o  
e f f e c t i v e l y  c o n t r o l  t h e  r a t e  of cu re  when t h e  t i r e  i s  vu lcan ized  i n  c u r i n g  
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presses. It i s  p o s s i b l e  t h a t  when t h i s  compound i s  f u l l y  r eac ted  (i.e., no 
de tec tab le  NDPhA i n  a i r  samples) NMOR (formed by t r a n s n i t r o s a t  i o n )  r e s u l t s  
cou ld  have been much h igher .  None o f  t h e  a i r  samples c o l l e c t e d  by NIOSH 
represented the  maximum amount o f  NDPhA (2.3 pounds) t h a t  can be added t o  a 
rubber  batch, an a c t i o n  which cou ld  d r i v e  n i t rosamine l e v e l s  even h igher .  

NDPhA was i s o l a t e d  f rom t h e  i n i t i a l  m ix ing  process o f  o t h e r  powdered 
chemicals.  Also, t h e  ope ra to r  who weighed ou t  t h e  NOPhA was g i ven  p r o t e c t i v e  
c l o t h i n g  and a paper mask r e s p i r a t o r  (3M-3700) w h i l e  per fo rming  t h i s  
opera t ion .  These procedures were i n s t i t u t e d  i n  1979 when i t  was found t h a t  
NDPhA caused cancer i n  1  abora to ry  animals. 1  

NDMA was found i n  a l l  bu t  one sample c o l l e c t e d  by NIOSH a t  t h i s  p l a n t .  The 
l e v e l s  ranged f rom 10.0 ug/M3 a t  the  Tuber head t o  non-detectable a t  t h e  
Laminator.  Personal exposure ranged from 0.31 ug/M3 a t  t h e  3 - r o l l  Calender 
t o  0.13 ug/M3 a t  t h e  Banbury ba tch-o f f  area. Aside from t h e  h i g h  NDMA 
concen t ra t i on  found a t  t h e  Tuber head, these l e v e l s  are f a i r l y  t y p i c a l  o f  what 
was found a t  t he  o t h e r  K e l l y - S p r i n g f i e l d  t i r e  p lan t .  NDMA i n  t i r e  p l a n t s  i s  
p o s s i b l y  generated by t h r e e  sources : through a chemical r e a c t i o n  o f  
t e t ra rne thy l t h i u ra f l  d i s u l f  i d e  and o t h e r  ba tch  ingred ien ts ,  by d i r e c t  
contaminat ion o f  o r i g i n a l  stock add i t i ves ,  and/or by t h e  presence o f  t h e  
dimethylamine compound r e a c t i n g  w i t h  a n i t r o s a t i n g  agent. 

NPYR was found i n - 5  o f  13 samples c o l l e c t e d  by NIOSH. The h ighes t  
concen t ra t i on  was found i n  a pro&ss sample a t  t he  Tuber head a t  1.8 u ~ / M ~ .  
Other  areas where t h i s  compound was found were t he  Banbury ba tch -o f f  area, t he  
Laminator, and the  #3 Feedmi l l .  Th is  i s  t he  f i r s t  t ime NPYR has been found 
o u t s i d e  t h e  Feedmi l l  and Calendering area i n  a t i r e  company. NPYR was below 
t h e  l i m i t  o f  d e t e c t i o n  i n  a l l  t h ree  personal samples. 

N-N i t rosod i  i s o ~ r o ~ v l  amine 

NDiPA i s  repor ted  here f o r  t he  f i r s t  t ime  as being detected i n  a t i r e  p l a n t .  
It was found. i n  10 o f  13 samples taken by NIOSH, and ranged f rom 1.5 ug/M3 
i n  the .Lamina tor  area t o  non-detectable a t  t h e  Curing Press, #3 Feedmil l ,  and 
one personal  sample. Two personal samples had de tec tab le  l e v e l s  o f  NDiPA: t he  
Banbury ba tch -o f f  ope ra to r  (0.19 ug/M3), and the  % r o l l  Calender ope ra to r  
(0.11 ug/M3). 

A1 1 f i v e  n i t rosamine  compounds mentioned above were found i n  two areas, t h e  
Banbury ba tch -o f f  area and t h e  Tuber head ex t ruder .  Both were process 
samples. The Banbury ba tch -o f f  ope ra to r  and t h e  3 - r o l l  Calender ope ra to r  had 
d e t e c t a b l e  l e v e l s  o f  f o u r  n i t rosamine  compounds; o n l y  NPYR was non-detectable.  
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Amine Resu l ts  

Seven m i n e  compounds were detected from two samples taken i n  t h i s  t i r e  
p lan t .  They are: dimethylamine (DMA), t r imethylamine (TMA), isopropylamine 
( ISOPA), N-propyl amine (N-PA); d iethy lamine (DEA) , t r i e t h y l  amine (TEA), and 
morpholine (MOR). The Banbury, and the  Feedmil l  which leads t o  the  Tuber head 
were the  two sampl i n g  po in ts .  Morphol i n e  had the  h ighes t  concent ra t ion  o f  a1 1 
amine compounds detected, where i t  measured 2394 ug/M3 from a process sample 
taken a t  t h e  #3 Feedmil l  which warms t h e  rubber feed t o  t h e  Tuber t o  make t i r e  
tread. This  c o r r e l a t e d  very  we l l  w i t h  t h e  h ighes t  NMOR concent ra t ion  of 11.0 
u g / ~ 3  found i n  a process sample taken a t  the Tuber head. However, the 
morphol i n e  concent ra t ion  d i d  no t  c o r r e l a t e  we1 1 w i t h  a n i t rosamine sample 
taken i n  p a r a l l e l  and a t  the  same time as the  morpholine sample. This 
side-by-side sample showed NMOR a t  2.1 ug/M3. Since the  rubber being 
extruded a t  t he  Tuber head i s  much h o t t e r  than t h e  rubber coming of f  the 
Feedmi 11, these f i n d i n g s  may suggest t h a t  t he  formation o f  NMOR t o  be 
temperature dependent, w i t h  an optimum temperature g rad ien t  somewhere between 
2200F and 2750F (as found a t  the  Tuber head). I n c i d e n t a l l y ,  t h i s  a l so  i s  
t h e  optimum temperature range f o r  NDPhA t o  be chemical ly  r e a c t i v e  as a 
r e t a r d i n g  agent; a t  h igher  temperatures i t  becomes an acce lera tor .  An 
i n t e r e s t i n g  s i d e  p o i n t  i s  t h a t  NMOR was a lso  analyzed f rom the  amine sampler 
a t  t he  Feedmil 1, w i t h  a concentrat ion o f  61.0 ug/M3. Since t h e  amine 
samplers are n o t  a r t i f a c t  f r e e  f o r  ni trosamines, t h i s  may e x p l a i n  the  
discrepancy between the  h igher  concentrat ion and the  2.1 u g / ~ 3  found on the  
n i t rosamine sample analyzed by Monsanto. 

Tr ie thy lamine was next h ighes t  i n  concentrat ion a t  488 ug/M3 i n  the  Banbury 
area. It i s  i n t e r e s t i n g  t o  note t h a t  N-ni t rosodiethy lamine was not  detected 
i n  any o f  the  samples. Dimethylamine was t h i r d  h ighes t  w i t h  a concentrat ion 
o f  116 u g / ~ 3  found a t  the Feedmil l .  Isopropylamine was detected o n l y  a t  the 
Banbury process sample, and no t  a t  the Feedmil l .  The reason f o r  t h i s  i s  no t  
immediately known; however, the  presence o f  t h i s  amine compound may exp la in  
why we found t h e  h ighes t  l e v e l  o f  N-ni t rosodi isopropylamine (1.2 u g / ~ 3 )  i n  
t h i s  same area. Results f o r  a l l  amine compounds and o f  t h ree  n i t rosamine 
compounds analyzed from the amine samplers are shown i n  Table 11. 

OSHA and NIOSH Side-by-Side Sampl i ng  Results 

A comparison o f  f o u r  side-by-side samples taken by NIOSH and OSHA i s  shown i n  
Table 111. OSHA analyzed on l y  three o f  the  f i v e  compounds found by NIOSH and 
therefore, comparisons can on l y  be made f o r  NMOR, NDMA, and NPYR. For NMOR, 
NIOSH r e s u l t s  were, on t h e  average, 300% higher  than OSHA's r e s u l t s .  NDMA was 
detected i n  a l l  f o u r  samples by NIOSH, bu t  was not  detected by OSHA, and NPYR 
was detected i n  one NIOSH sample where OSHA detected none. The reason f o r  t h i s  
discrepancy i s  no t  known, bu t  analyses of samples were conducted by  d i f f e r e n t  
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labora tor ies .  The l i m i t s  o f  de tec t i on  f o r  these nitrosamine compounds f o r  
OSHA & Monsanto, are s i m i l a r .  L i m i t s  o f '  de tec t ion  f o r  ni trosamines are i n  
Table I. L i m i t s  of de tec t i on  f o r  amines are i n  Table 11. 

To reso lve  the  discrepancy between OSHA and NIOSH resu l t s ,  spiked samples w i t h  
ni trosamines from OSHA were sent t o  NIOSH cont rac t  l abo ra to r ies  f o r  
comparison. Resul ts  ranged from 87% recovery f o r  NPYR, 95% f o r  NMOR, and 90% 
f o r  NDMA. (Telephone conversat ion 07/14/81 , w i t h  OSHA Research Chemist). 
While under l abo ra to ry  cond i t ions  spiked n i t rosamine samples agreed t o  w i t h i n  
13% o r  be t te r ,  p a r a l l e l  f i e l d  samples appear t o  d i f f e r  more. Control  o f  
packaging a f t e r  n i t rosamine c o l l e c t i o n ,  and r e f r i g e r a t i o n ,  may decrease t h i s  
discrepancy. 

Oxides of Ni t rogen as N i t r o s a t i n g  Source 

Oxides o f  n i t rogen  were measured w i t h  Drager c o l o r i m e t r i c  i n d i c a t o r  tubes i n  
the Tread and Sidewall, Banbury, and Laminator areas. Concentrations o f  0.5 
ppm, non-detectable, and approximately 0.25 ppm were found i n  these areas, 
respect ive ly .  The NOx was probably generated from the combustion o f  
gas-powered f o r k  1 i f t  t rucks  used t o  t ranspor t  rubber. When compared t o  
ni trosamine l e v e l s  found i n  these areas, the re  appeared t o  be no c o r r e l a t i o n  
of NOx from f o r k l i f t  t r ucks  and h igh  n i t rosamine f i nd ings .  Rather, 
ni trosamine l e v e l s  seemed more dependent on the  chemical reac t i on  of  batch 
addi t ives,  such as NDPhA react ing  w i t h  a d ia lky lamino compound. For example, 
i n  one o f  t he  process samples taken i n  the  Laminator area, NDPhA was found a t  
17.0 u g / ~ 3  and NMOR was detected a t  0.63 u g / ~ 3 .  I n  the same area, another 
process sample showed NDPhA t o  be non-detectable and NMOR t o  be 5.2 u ~ / M ~ ,  
thus suggesting an inverse r e l a t i o n s h i p  between the percent o f  NDPhA reacted 
versus the  amount of NMOR found. I n  the Banbury area, (where no NO was 3 detected), N-ni t r o s o d i  isopropylamine (NDi PHA) was found a t  1.2 ug/M , and 
isopropylamine was detected a t  5.2 u g / ~ 3 .  This f i n d i n g  may suggest two 
th ings:  1. a n i t rosamine can be formed wi thout  the  presence o f  detectable 
NOx, o r  a t  very low leve ls ,  and 2. a s p e c i f i c  ni trosamine may more e a s i l y  be 
formed when i t s  d ia lky lamine base i s  present (i.e., isopropylamine and 
morphol ine) .  

While these f i n d i n g s  do not  show a c lea r  mechanism f o r  the format ion o f  
ni trosamines, they  do i n d i c a t e  t h a t  t he  n i t r o s a t i n g  agent i s  no t  dependent on 
f o r k l i f t  t rucks,  but  more l i k e l y  t o  o r i g i n a t e  from NOX conta in ing  ingred ients  
i n  the  rubber batch, and i n  t race  amounts o f  NOX i n  ambient a i r .  

V e n t i l a t i o n  Results 

V e n t i l a t i o n  measurements were taken a t  the  Feedmill and Calendering area. The 
v e n t i l a t i o n  was e x c e l l e n t  a t  the  3- and 4 - r o l l  Calender, where a i r  was 
exhausted a t  an average r a t e  o f  1,350 f e e t  per minute (fprn) and 380 fpm, 
respect ive ly .  The v e n t i l a t i o n  was good a t  t he  #9 m i l l  l i n e  where a i r  was 
exhausted from the east  s ide  a t  170 fpm, and a t  100 fprn on the  west side. 
V e n t i l a t i o n  was d e f i c i e n t ,  however, a t  t he  #10 m i l l ,  where a i r  was exhausted 
a t  90 fprn on the  east side, and a t  80 fprn on the west side, 

No l o c a l  exhaust v e n t i l a t i o n  was provided f o r  workers i n  the  Lamination area; 
therefore, measurements could not  be taken. However, s ince t h i s  operat ion i s  
very s i m i l a r  t o  the  calender ing operat ion, s i m i l a r  v e n t i l a t i o n  design and a i r  
exhaust ra tes  should s i g n i f i c a n t l y  decrease n i t  rosamine exposure and o ther  
contaminants t o  workers i n  t h i s  area. I l l u s t r a t i o n s  o f  l o c a l  exhaust design 
f o r  the  Laminator feed m i l l ,  and Laminator machine are shown i n  Figures 3 and 
4 o f  t h i s  report .  
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V I I .  CONCLUSIONS 

Five n i t r osamine  compounds were detected i n  t h i s  t i r e  p l a n t .  NDiPA i s  
repor ted  here f o r  t h e  f i r s t  t ime ( t o  our  knowledge) as being present  i n  a t i r e  
p lan t ,  and appears t o  c o r r e l a t e  w i t h  the presence o f  isopropylamine, one of 
seven amine compounds found. A h igh  a i rborne  NDPhA concen t ra t i on  of 17.0 
ug/M3 was de tec ted  i n  t h i s  p lan t .  This  compound was a l so  detected i n  many 
o ther  processes and areas n o t  p rev ious l y  detected i n  t he  o the r  
Ke l l y -Spr ing f  i e l d  t i r e  p lan t .  

Whi l e  company management was very cooperat ive i n  runn ing  var ious  t i r e  stocks 
f o r  t h i s  survey, rubber batches t h a t  c a l l  f o r  a maximum o f  2.3 pounds of NDPhA 
were n o t  scheduled t o  run  the day N I O S H  sampled. Therefore, n i t rosamine 
l e v e l s  found du r i ng  t h i s  survey may be lower than on o the r  days when more 
NDPhA i s  used. If t h i s  i s  t rue,  then the s i t u a t i o n  cou ld  be more hazardous 
f o r  t he  workers, e s p e c i a l l y  i n  the  Lamination area where no v e n t i l a t i o n  i s  
provided. 

VI I I. RECOMMENDATIONS 

1. Local  exhaust v e n t i l a t l o n  should be i n s t a l l e d  i n  the  Laminat ion area t o  
e f f e c t i v e l y  reduce n i t rosamine l e v e l s  t o  t he  lowest poss ib le .  

2. A s u b s t i t u t e  agent f o r  N D P ~ A  should be used, where possib le,  i n  t h i s  p lan t .  

3. Local  exhaust v e n t i l a t i o n  should be i n s t a l l e d  a t  a1 1 entrance and exhaust 
p o r t s  of rubber  ext ruders.  

4 .  Holes i n  t he  ductwork o f  the l o c a l  exhaust v e n t i l a t i o n  system i n  the  
Banbury ba tch -o f f  area should be patched. This  should improve exhaust 
e f f i c iency .  Also, the  f l o o r  fan i n  t h i s  area should be re loca ted  so t h a t  
i t  does n o t  work against  t he  l o c a l  exhaust system. 

5 .  Workers should be educated about the chemicals they  are working with,  
which chemicals  are hazardous, and proper  handl ing and hygiene p rac t i ces  
i n  work ing w i t h  these chemicals. 

6, T i r e  chemists  should determine t o  what ex ten t  dialkylamine-based 
acce le ra to rs  used i n  rubber fo rmula t ions  c o n t r i b u t e  t o  n i t rosamine 
fo rmat ion ,  and t o  take steps t o  reduce, remove, o r  s u b s t i t u t e  these 
acce le ra to rs  where possib le.  
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Thermosorb 
Number 

TABLE I 

Personal  and Process Area A i r  Sample R e s u l t s  f o r  N i t rosamines 

K e l l y - S p r i n g f i e l d  T i r e  Company 
Freepor t ,  I 1  1 i n o i  s 

TA 80-121 

October 16, 1980 

L o c a t i c  

Process Sample 
Laminator  #1 

Process Sample 
Laminator  #1 

Process Sample 
Laminator  # I  

Process Sample 
Laminator  #1 

Personal 
Laminator  #1 
Operator  

Process Sample 
#1 Tuber Head 
( s i d e w a l l  & 
hump s t o c k )  

Persona 1 
3 R o l l  Calender 
Opera tor  

Sample 
Vol ume 
( L i t e r s )  

81 .O 

43 5 

85 

358 

24 1 

580 

369 

Process S a m ~ l e  
M i l l  #3 ~ e e d m i l l  
t o  Tuber 287 

General Area 
Cur ing Press 
(642) 377 

General Area 
Cur ing  Press 
(642) 384 

Time 
On O f f  N DM - A NDiPA NPYR NMOR NDF 

14:40 15:34 0.12 1.52 NO** 1.6 4. 

14:lO 14:39 N D 0.54 ND .67 17 

15:34 16:31 .13 0.40 ND .79 .8 

16:31 20:30 1.5 ,032 .ll 5.2 N 



TABLE I (cont  .) 

Personal and Process Area A i r  Sample Results f o r  Nitrosamines 

Kel l y -Spr ing f  i e l d ,  T i r e  Company 
Freeport, I l l i n o i s  

October 16, 1980 

Thermosorb 
Number Locat i o n  

03479 Personal 
Banbuky #I' 
Batch-off  
Operator 

Sample 
Vol ume Time 
( L i t e r s )  On O f f  

03474 Proqess Sample 
Banbury #I 
(ba tch-o f f  area) 229 15:11 17:44 

1231 1 Process Sample 
Banbury # I  
Batch-off  Area 229 1 7 ~ 4 4  20:17 

* u g / ~ 3  = micrograms o f  subtance per cubic  meter 
o f  a i r  

**ND = below detectab le  1 i m i t s  

Minimum Detectable Level f o r  Nitrosamines: 
(nanograms [ng] per sample) 

KEY: 
NDMA = N-nitrosodimethylamine 
NDiPA = N-ni t rosodi isopropylamine 
NPYR = N-n i t rosopyr ro l  i d i n e  
NMOR = N-n i t rosomorphol i ne 
NDPhA = N-nitrosodiphenylamine . 

(ug/M3)* 
NDMA NDiPA NPYR NMOR NDPhA 



TABLE I I 

Results o f  A i r  Samples f o r  Amines & ~ i t r o s a m i n e s l  

Sampl i n g  Vol ume Sampl ing  
Locat ion (1  i t e r s )  --- T imes 

Process Sample 
Banbury # I  229 15:ll-17:44 

Process Sample 
#3 Feedmi 11 t o  
Tuber 370 16:50-20:59 

Kel l y -Sp r i ng f  i e l d  T i r e  Company 
Freeport ,  I l l i n o i s  

TA 80-121 

October 16, 1980 

u g / ~ 3  o f  Amines* 
DMA TMA I S O P A  N-PA DEA TEA MOR 

u g / ~ 3  o f  Nitrosaminesf* 
NDMA NDEA NMOR 

Process Sample 
Banbury #1 229 15:11-17:44 0.17 NO 1 .O 

Process Sample 
#3 Feedmil 1 t o  
Tuber 348 16.50-20:57 1.43 ND 61 .O 

- 
ug/Ma = micrograms o f  substance per cubic meter o f  a i r  

l ~ n a l y s i s  by the  New England I n s t i t u t e  f o r  L i f e  Sciences 

2 ~ i m i t  of de tec t ion ,  Amines: 0.05 ug/m3/100 1 i t e r s  sampled a i r  (NEILS) 

~ N D  = Below de tec tab le  1 i m i t s  

* DMA = Dimethylamine 
* TMA = Trimethylamine 
* ISOPA a I sopropy l  ami ne 
* N-PA = N-Propylamine 
* DEA = Diethylamine 
* TEA = Tr ie thy lamine 
t M n r n h n l  in-  

*- 

** NDMA = N-nitrosodimethylamine 
NDEA = N-ni t rosodiethylamine 
NMOR = N-nitrosomorpholine 

L i m i t  o f  Detect ion* 

0.3 u g / ~ 3  



TABLE 111 

Locat  i 0 n l T ~ ~ e  

Comparison o f  Sampling Resul ts  f o r  Ni t rosamines 
Between OSHA and NIOSH 

Kel l y - S p r i n g f  i e l d  T i r e  Company 
Freeport, I l l i n o i s  

TA 80-121 

Laminator Operator 
(Personal ) 

Banbury Batch-of f  
Operator (Personal ) 

3 -Rol l  Calender 
Operator (Personal)  

Cur ing Press 
(General Process) 

NMOR 
NDMA 
NPYR 
NDPhA 
NDIPA 

NMOR 
NOMA 
NPY R 
NDPhA 
NDIPA 

NMOR 
NDMA 
NPYR 
NDPhA 
NDIPA 

NMOR 
NDMA 
NPY R 
NDPhA 
ND I PA 

October 16, 1980 

* u g / ~ 3  = micrograms o f  substance per cubic meter o f  a i r  

** NO = below de tec tab le  l i m i t s  

NIOSH ( u g / ~ ~ )  - 
Mean 
Percent 
D i f fe rence  

+ OSHA l i m i t  of Detect ion:  NMOR, 0.03 uglsample; NDMA, 0.02 u g / ~ 3 ,  NPYR, 0.02 

----- = samples n o t  analyzed f o r  these n i t rosamine compounds 



FIGURE 1 

STEPS IN THE TIRE MANUFACTURING PROCESS 
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FIGURE 2 
Kel ly-Springfield Ti re Company 

Freeport, I1 linois 
TA 80-121 
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FIGURE 2 

BEAD 
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FIGURE 3 

SPECIFIC OPERATIONS 
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FIGURE 4 

DJDUSTRIAL VENTILATION 
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APPENDIX I 

ANALYSIS OF NIOSH SAMPLES FOR N-NITROSAMINES 

Fourteen ThermoSorbIN a i r  sampling c a r t r i d g e s  were rece ived  f o r  ana lys is  of 

N-Nitrosamines. They were RHE/TA #80-121. They inc luded  two general  area 

samples, e i g h t  process samples, and f o u r  personal samples. Ana lys is  was 

s p e c i f i c a l l y  requested f o r  N-Nitrosodimethylamine (NDMA), N - ~ i t r o s o m o r p h o l i n e  

(NMOR) , N - N i  t r o s o p y r r o l  i d i n e  (NPYR), and N-Ni t rosodiphenyl  amine ( NDPhA) . 

The ThermoSorbIN c a r t r i d g e s  were e l u t e d  w i t h  2.03 mL o f  methylene c h l o r i d e  

(Burd ick  and Jackson d i s t i l l e d  i n  g l ass ) .  The samples were then  analyzed f o r  

NDMA, NMOR, and NPYR by t h e  Thermal Energy Analyzer  i n  combinat ion w i t h  gas 

chromatography (GCITEA) . A 10% Carbowax-20M/2%KOH 6 - foo t  g l  ass c o l  umn was 

used w i t h  temperature programming f rom 1 2 0 ' ~  t o  1 8 0 ' ~  a t  16 °~ /m in  w i t h  a 

f i n a l  h o l d  a t  1 8 0 ~ ~  f o r  4 minutes. The NDPhA was analyzed by  Thermal Energy 

Analyzer i n  combinat ion w i t h  a l i q u i d  chromatograph (LCITEA). The ana l ys i s  

used a HC P e l l o s i l  guard column and a Bondapak NH2 a n a l y t i c a l  column a t  a 

f low r a t e  of 0.5 mL/min. ThermoSorbIN c a r t r i d g e s  03471 t o  03474, and 03483 

were analyzed us ing  2% acetone: 98% isooctane (v/v-) .  A new guard column was 

used f o r  ThermoSorb/N c a r t r i d g e s  03472, 03475, 03477 t o  03479, 03482, 03484, 

03485, and 1231 1. Th is  necess i ta ted  use o f  3% acetone: 97% isooctane ( v l v )  as 

e luen t .  

Gas ChromatographIThermal Energy Ana lys is  a1 so i n d i c a t e d  t he  presence of 

N-Ni t rosodi  -i -propylamine (NDiPA) i n  10 samples. As t h e  NDi PA was p resen t  a t  

l ess  than  t h e  lower  d e t e c t i o n  l i m i t  o f  the  GC/MS f o r  s t r u c t u r e  conf i rmat ion,  

U.V. i r r a d i a t i o n  spectrum was performed t h a t  conf i rmed t h a t  t h e  peak 



photochemica l l y  degraded and thus was NDiPA. ThermoSorb/N 03473 had been 

damaged p r i o r  t o  r e c e i p t  by us and values should be t r e a t e d  as minimum values. 

Qua1 i t y  Assurance/qual i t y  c o n t r o l  was 1 i m i t e d  as ThermoSorb/N c a r t r i d g e s  must 

be sp iked and r e p l i c a t e d  i n  t h e  f i e l d ,  and analyzed w i t h  each sample set .  Lab 

and f i e l d  s p i k i n g  s tud ies  done a t  Monsanto i n d i c a t e  good p r e c i s i o n  i n  our  

ana l ys i s  o f  rep1 i c a t e s  and t o t a l  recover ies  o f  80% t o  130% of t h e  n i t rosamine  

sp ikes depending on volume sampled and background concent ra t  ions  of amines and 

n i t rosamines.  We have a l s o  found NDMA breakthrough a t  150 L o f  sampled a i r  a t  

a  1  ug sp i ke  l e v e l  and a t  100 L w i t h  a  5 ug spike. Breakthrough was 

determined by us ing  a backup sampling c a r t r i d g e .  
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